Introduction {#sec1-1}
============

Leptospirosis is a zoonosis of global importance caused by the pathogenic spirochetes *Leptospira interrogans*.\[[@ref1][@ref2]\] Human infection happens when there is contact with infected urine of carried mammals, especially rodents. The contact between leptospiras and humans can be directly through blood, tissue, organs or urine of carrier animals or indirectly through contaminated water or soil when there is injured skin and exposure of mucosal surfaces.\[[@ref1][@ref2][@ref3][@ref4]\] The symptomatic disease begins suddenly with headache, high-degree fever, malaise, myalgia, conjunctival suffusion and a transient rash. The severe form is characterized by jaundice, acute kidney injury (AKI) and hemorrhage, known as Weil\'s disease and it is mainly caused by serovars *icterohaemorrhagiae*, *copenhageni*, *lai* and others.\[[@ref1][@ref2]\] The disease is endemic in Brazil and is associated with the rainy season and floods.\[[@ref5]\] In a recent study conducted in the State of São Paulo a total of 576 cases of lepsotpirosis were confirmed in 2008, with 73 deaths. In Sao Paulo city, with 10,990,2449 inhabitants, 172 cases with 33 deaths were recorded.\[[@ref5]\]

There may be the difference in disease\'s incidence and spectrum of manifestations among pediatric and adult patients with leptospirosis and it is still not well-described. Furthermore, precise information on the frequency and types of severe manifestations in pediatric populations is limited.

The aim of this study was to compare the clinical presentation, laboratory data, morbidity and mortality between children, adolescents and adults with leptospirosis, with a focus on kidney function.

Patients and Methods {#sec1-2}
====================

Setting and patient selection {#sec2-1}
-----------------------------

A retrospective cohort study was conducted with a total of 373 consecutive patients with a confirmed diagnosis of leptospirosis, admitted to the São José Infectious Diseases Hospital and to the Walter Cantídio University Hospital, in the city of Fortaleza, Northeast of Brazil, from May 1985 to August 2010. The study protocol was approved by the Ethical Committee of the Institutions. All patients had confirmed diagnosis of leptospirosis, with microscopic agglutination test, with titers equal or higher than 1:800. Serology was done after at least 7 days after admission and patients with titers lower than 1:800 were excluded. Patients with negative serologies were not included, as well as those with other comorbidities, such as hypertension, diabetes, auto-immune diseases and others. All patients were from Ceará State, Northeast of Brazil.

A standardized case investigation form was used to complete demographical, epidemiological, clinical and laboratory data.

Studied parameters {#sec2-2}
------------------

Demographic characteristics such as age, gender, mean time between symptoms onset and hospital admission was analyzed, as well as duration of hospital stay, clinical manifestations, laboratory data, treatment and mortality. The clinical investigation included a record of all clinical signs and symptoms presented at hospital admission as well as arterial systolic and diastolic blood pressure, heart and respiratory rates at hospital admission and during the hospital stay. Laboratory data included an assessment of serum urea (S~Ur~), serum creatinine (S~Cr~), serum potassium (S~K~), serum sodium (S~Na~), total bilirubin, alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase and total blood count. Hemorrhagic phenomena as gastrointestinal hemorrhage, hemoptysis and epistaxis were recorded at admission and during the hospital stay. Respiratory insufficiency was defined as the need of mechanical ventilation. The occurrence of metabolic acidosis was considered when the pH was lower than 7.35 and oliguria was defined as urine volume lower than 400 ml/day after 24 h of effective hydration. Hypotension was defined as mean arterial blood pressure (MAP) \<60 mmHg and therapy with vasoactive drugs was initiated when MAP remained lower than 60 mmHg.

Dialysis was indicated in those patients that remained oliguric after effective hydration, in those cases where uremia was associated with hemorrhagic or severe respiratory failure and those with hyperkalemia or metabolic acidosis refractory to clinical treatment.

Acute kidney injury definitions {#sec2-3}
-------------------------------

In adults, the RIFLE~Cr~ criterion was used to define and stage AKI\[[@ref6]\] while in the pediatric group, the pRIFLE definition was applied, using the Schwartz formula\[[@ref7][@ref8]\] to estimated creatinine clearance (eClCr).

Patients were divided into two groups according to the age (age ≤21 years vs. \>21 years). A comparison of clinical and laboratory characteristics was done to investigate the differences between two groups.

Statistical analysis {#sec2-4}
--------------------

The statistical analysis was performed using SPSS 20.0 for windows (SPSS Inc, Chicago, USA). Descriptive statistics are expressed as mean ± standard deviation. The primary analysis compared pediatric and adult groups. All variables were tested for normal distribution using the Kolmogorov-Smirnov test. The Student\'s *t*-test was applied to compare means of continuous variables and normal distribution data. Categorical data were tested using the Chi-square test. Values below 5% (*P* \< 0.05) were considered to be statistically significant.

Results {#sec1-3}
=======

Subject characteristics and clinical data {#sec2-5}
-----------------------------------------

A total of 373 patients were included. The adult group represented 304 (81.5%) of the population, with a mean age of 41.03 ± 13.8 (range 22 to 84) years. The pediatric population comprised 69 (18.5%) of the total, with a mean age of 16.7 ± 3.06 years (range from 9 to 21). Regarding gender, there was no difference between the two groups (male gender, 82.2% vs. 88.4% and female, 17.8% vs. 11.6%, *P* = 0.282). The duration of disease was similar in both groups (10.1 ± 6.9 vs. 8.81 ± 4.8 days, *P* = 0.149). The most frequent signs and symptoms were the same in both groups; however, some of them were seen more frequently in adults, such as arrhythmia and myalgia. Vomiting was more frequently seen in children \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of demographic and clinical manifestations between adults and children with leptospirosis
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Laboratory data {#sec2-6}
---------------

Regarding laboratory data at admission, the adult population presented with significantly higher white blood cells count (11,806 vs. 10,204 mm^3^, *P* = 0.034), while the pediatric population presented with significantly lower S~Ur~(137.1 vs. 97.9 mg/dl, *P* = 0.002) and lower S~Cr~(4.32 vs. 3.05 mg/dl, *P* = 0.007). Thrombocytopenia at admission was more frequent in children (98.5% vs. 50.9%, *P* = 0.0001). There were no significant differences between two groups regarding liver function and electrolyte balance, as can be seen in [Table 2](#T2){ref-type="table"}.

###### 

Comparison of laboratory data between adults and children with leptospirosis at admission
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Renal function {#sec2-7}
--------------

AKI was observed in 300 patients (80.4%) and it was significantly more frequent in adults (83.2% vs. 70.6% *P* \< 0.005) than in children. The distribution according to the RIFLE was as follows: Risk (19.1% vs. 31.2%), injury (21.8% vs. 29.2%), failure (59.1% vs. 39.6%) in adults and children, respectively. The adults required renal replacement therapy more frequently than children (37.8% vs. 11.6%, *P* \< 0.0001).

Mortality {#sec2-8}
---------

Mortality was significantly higher in adults (14.8% vs. 2.8%, *P* = 0.005). Adults with AKI had an even higher mortality (93.3% vs. 6.7%, *P* \< 0.05). Mortality was also associated with AKI severity, as it was higher in the worst RIFLE stages: Risk (mortality: 6.7%), injury (11.1%) and failure (82.2%), *P* = 0.002. Need of dialysis (64.4% vs. 35.6%, *P* \< 0.0001) and oliguria (54.5% vs. 45.5%, *P* \< 0.0001) were also associated with higher mortality. No significant difference was observed in children regarding these parameters.

Discussion {#sec1-4}
==========

Leptospirosis is a potentially fatal disease commonly observed in tropical countries.\[[@ref1][@ref2][@ref3]\] The severe form (Weil disease) requires intensive care, mainly regarding renal function, including the possibility of dialysis.

Experienced clinicians in endemic areas commonly believe that leptospirosis produces milder symptoms among children.\[[@ref9][@ref10]\] There are several reports presenting lower rates of classic signs and symptoms of Weil\'s disease in children.\[[@ref11][@ref12][@ref13]\] Spichler *et al.*,\[[@ref11]\] in a recent study with 370 patients with severe leptospirosis, found that adults exhibited a higher frequency of jaundice and oliguria than in pediatric group. In the present study, most signs and symptoms where similar between the two groups, with the exception of arrhythmia, which was more commonly reported in adults and vomiting, which was more frequent in children. The children population in our cohort was lower than adults and this can be due to the milder course of leptospirosis in children, with the majority of cases not necessitating hospital admission.

In the present study, the adult population presented with significantly higher white blood cells count and the pediatric population presented with significantly lower S~Ur~, S~Cr~ and higher frequency of thrombocytopenia. Spichler *et al.*\[[@ref11]\] found that S~Cr~ and bilirubin were higher in adults.

In the present study, AKI was observed in a considerable number of patients (80.4%) and, unlike other infectious diseases such as visceral leishmaniasis,\[[@ref14]\] it was significantly more common in adults. Marotto *et al.*\[[@ref15]\] found AKI in 79% of 43 leptospirosis-infected children. The frequency of need of renal replacement therapy in children was similar to that in the general causes in the literature\[[@ref16]\] and was higher in adults, evidencing a more severe kidney damage. The higher need of dialysis among adults in our cohort suggests a severe AKI in adults, i.e., children would have a milder renal disease in leptospirosis. Oliguria was also more frequent in adults than in children in a previous study.\[[@ref11]\] The higher prevalence of AKI and oliguria in adults with leptospirosis do not appear to be related to differences in seroreactivity to leptospiral serogroups because the pattern of serogroups distribution is similar in both groups.\[[@ref11]\] It was not possible to identify the etiologic serovar/serotype of leptospira in the present study. The serovar/serotype is an important determinant of the clinical manifestations, course and severity of the illness. The differences between the two groups presented here could have an influence of the serovar/serotype.

Renal failure is a well-known predictor of death in leptospirosis, especially in its oliguric forms.\[[@ref2][@ref17]\] Risk factors for death reported in the literature include advanced age, oliguria, pulmonary involvement, leukocytosis, thrombocytopenia and electrocardiographic abnormalities.\[[@ref11][@ref17][@ref18][@ref19]\] In the present study, mortality was significantly higher in adults and it was even higher in adults with AKI. This higher mortality seems to be related to a more severe AKI and more severe infection in adults.

In summary, there are important differences between adults and children with leptospirosis. AKI was more frequent in adults and it was associated with increased mortality. Pediatric patients exhibit lower mortality.
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